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(54) INKJET PRINTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an inkjet printer capable of precisely 
measuring a mass of an ink by using a quartz-crystal oscillator micro balance 
method (QCM) superior in a mass detection sensitivity. 

SOLUTION: An ink drop volume detector 18 provided at one end of a portion 
outside an image region has an AT cut quartz-crystal oscillator constituted 
by depositing an Al electrode to both faces of a quartz plate. The ink ejected 
from a recording head mounted on a carriage 14 is adhered to the quartz- 
crystal oscillator. The variation of a resonance frequency generated on the 
quartz- crystal oscillator along with the adherence of the ink is detected, and 
then the mass of the ink ejected from the recording head 12 is measured 
based on the detected result. 
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* NOTICES '* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The ink jet printer characterized by having a detection means to detect change of the 
resonance frequency produced in said vibrator when ink adheres to the vibrator which adheres to the 
ink which blew off from said head in the ink jet printer equipped with the head which spouts ink, and this 
vibrating vibrator. 

[Claim 2] The ink to which said trembler adheres is an ink jet printer according to claim 1 characterized 
by being two or more drops. 

[Claim 3] Vibration of said vibrator is an ink jet printer according to claim 1 or 2 characterized by being 
vibration accompanying the oscillation with fundamental frequency. 

[Claim 4] Vibration of said trembler is an ink jet printer according to claim 1 or 2 characterized by being 
vibration accompanying an overtone oscillation. 

[Claim 5] An ink jet printer given in any of claims 1-4 characterized by having the dividing means which 
carries out dividing of the resonance frequency in said vibrator they are. 

[Claim 6] The near field where it adheres to the ink of said vibrator is an ink jet printer given in any of 
claims 1-5 characterized by being covered with the insulating film they are. 
[Claim 7] An ink jet printer given in any of claims 1-6 characterized by arranging said trembler 
horizontally they are. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ink jet printer which measures the amount of the 
ink which blows off from a recording head especially about the ink jet printer which forms an image on 
print media in the ink spouted from a recording head with high precision. 
[0002] 

[Description of the Prior Art] The ink jet printer has various advantages, such as low cost, a high quality 
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of printed character, and color printing capacity, and has spread also through ordinary homes widely with 
the spread not only of office but personal computers. In this ink jet printer, the printing image is formed 
by making the ink which blows off from the nozzle of a recording head controllable according to the 
command electronically transmitted to a recording head adhere on print media. 

[0003] In order to realize printing with high quality, it is necessary to make the ink of a constant rate 
always blow off from the nozzle of this recording head at the time of printing. However, since this nozzle 
serves as detailed aperture, dust etc. is got blocked in a nozzle, ink may not be spouted at all or it may 
blow off an inaccurate quantity of an ink droplet. In order to prevent such fault, the sensor which 
detects the flight condition of an ink droplet is formed, or impact sensors, such as optical, a piezo- 
electric formula, an electrostatic formula, etc. which measures the pressure of an ink droplet, are formed, 
and he determines the ink jet capacity of a recording head, and is trying to prepare the print mask which 
controls the amount of ink according to the capacity in JP,2001-105586,A. 
[0004] 

[Problem(s) to be Solved by the Invention] However, if according to the technique of the above- 
mentioned official report it is an optical sensor in case ink jet capacity is determined, it is necessary to 
print a test pattern on print media, and will lead to waste of print media. Moreover, a S/N ratio worsens 
and the sensor of electrostatic and a piezo-electric formula has the problem that the amount of ink 
cannot be measured with a sufficient precision, in order to measure the pressure of an ink droplet with a 
very feeble signal. 

[0005] the quartz-resonator micro balance (it abbreviates to QCM (Quartz Crystal Microbalance) 
hereafter) in which this invention is made in view of this situation, and mass detection sensitivity is very 
excellent — it aims at offering the ink jet printer which can measure the amount of ink with a sufficient 
precision by using law. 
[0006] 

[Means for Solving the Problem] QCM currently indicated by the following, for example, JP,4-369459,A, 
— the contents of law are explained. This QCM method is one of the measuring methods of minute 
mass based on resonance frequency detection of a quartz resonator, and when a device under test 
adheres to a quartz resonator, the phenomenon in which resonance frequency changes is used for it. 
[0007] When mass change deltam [g] arises to the thickness direction of a quartz resonator, change 
delta[ of resonance frequency ] F [Hz] becomes like following (1 ). 
deltaF=-F0 2 and delta m/NrhoA — (1) 
However, F0 : Fundamental frequency [Hz] 
N: Vibration frequency constant [Hzcm] 
A: Electrode surface product [cm2] 
rho: The consistency of Xtal [g/cm3] 

[0008] And it is set to deltaF=-2.2596x108 xdeltam when the quartz resonator which is F0 =10[MHz] is 
used, since it is N= 167 [kHzcm] and rho= 2.65 [g/cm3] when a quartz resonator is an AT cut quartz 
resonator (the include angle of a plate surface and the Z-axis is cut in 15 minutes 35 degrees). 
Therefore, the mass detection sensitivity of the AT cut quartz resonator of 10 [MHz] is set to 4.4 
[ng/cm2 Hz], and presents high mass detection sensitivity. 

[0009] Moreover, fundamental frequency F0 Between thickness [ of [MHz] and a vibrator plate ] t [mm], 

when the constant decided in the cut side of vibrator is set to K [MHzmm], relation like following (2) is 

materialized. Here, a constant K is a value shown in the following table 1 according to a cut side, 

respectively. 

F0 =K/t — (2) 

[0010] 

[Table 1] 
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[001 1] The relation of the above (2) to fundamental frequency F0 It responds, and thickness [ of an AT 
cut plate ] t [mm] is called for as shown in the following table 2. 
[0012] 
[Table 2] 



[0013] The case where the quartz resonator in the QCM method is used as the overtone quartz 
resonator which mechanical higher-harmonic-wave vibration (it abbreviates to an overtone hereafter) 
tends to generate is explained. As this overtone quartz resonator, what vapor-deposited the electrode 
of chromium/gold (thickness 500 [**]) is used for both sides of the AT cut quartz plate of a diameter 9 
[mm] and thickness 0.083 [mm], for example. In addition, the electrode surface product A in this case is 

0. 1256 [cm2]. 

[0014] For example, when the 9th overtone oscillation (overtone oscillation) is made to perform, this 
overtone quartz resonator can obtain 1 80 [MHz] as an oscillation frequency. In overtone Xtal vibration, 
the degree m (= 3, 5, 7, — , 2n+1 (n is the natural number)) of constant K [MHzmm] decided in thickness 
[ of a quartz-resonator plate ] t [mm] and the cut side of a quartz resonator and an overtone oscillation 
is used, and it is the oscillation vibration frequency F0. [MHz] becomes like following (3). 
F0 =K/(t-m) — (3) 

[0015] Here, since a golden consistency is 19.3 [g/cm3] when the thickness monitor of 5[MHz] 
fundamental-wave vibration is put side by side and golden thickness sets vacuum evaporation© area to 
8.04 [mm2] by 50 [**], the mass (deltam) of the vapor-deposited gold serves as 780ng(s). Under the 
present circumstances, as for change of a frequency, the 181.005830 [MHz] and vacuum evaporation© 
back is set to 180.735832 [MHz] by vacuum evaporation© before, and frequency change part deltaF 
becomes -270008[Hz]. Therefore, mass detection sensitivity is set to 0.023 [ng/cm2 Hz]. 
[0016] In the ink jet printer equipped with the head which spouts ink, the ink jet printer concerning this 
invention is characterized by having a detection means to detect change of the resonance frequency 
produced in said vibrator, when ink adheres to the vibrator which adheres to the ink which blew off from 
said head, and this vibrating vibrator. 

[001 7] As mentioned above, the QCM method is the technique in which mass detection sensitivity was 

very excellent. So, in this invention, the amount of ink is measured with a sufficient precision using this 

QCM method. If it is in the ink jet printer of this invention, change of the resonance frequency of the 

vibrator produced when ink adheres to vibrator is detected, and the amount of jet of ink is measured 

based on the detection result. Therefore, compared with the conventional impact sensors, such as 

optical, a piezo-electric formula, an electrostatic formula, etc. which measures the pressure of an ink 

droplet, the amount of ink is measured to high sensitivity and high degree of accuracy. 

[0018] It is characterized by the number of the ink in which said vibrator adheres to the ink jet printer 

concerning this invention in the above-mentioned configuration being [ two or more ]. 

[0019] If it is in the ink jet printer of this invention, while the ink droplet on vibrator is large and change, 

1. e., an ink droplet, is expanded, it becomes the uniform ink film by adhesion of two or more drops of ink. 
Consequently, highly precise measurement of the amount of ink is attained. 

[0020] The ink jet printer concerning this invention is characterized by vibration of said vibrator being 
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vibration accompanying the oscillation with fundamental frequency in the above-mentioned configuration. 
[0021] If it is in the ink jet printer of this invention, by the oscillation with fundamental frequency 
(primary oscillation mode), stability and the vibrational state of high reliance are acquired, and the 
detection precision of the amount of ink improves. 

[0022] The ink jet printer concerning this invention is characterized by vibration of said trembler being 
vibration accompanying an overtone oscillation in the above-mentioned configuration. 
[0023] While several times as many detection sensitivity as this is obtained compared with a basic 
oscillation in order to vibrate vibrator by overtone oscillation if it is in the ink jet printer of this invention, 
the mechanical strength of vibrator improves. 

[0024] The ink jet printer concerning this invention is characterized by having the dividing means which 

carries out dividing of the resonance frequency in said vibrator in the above-mentioned configuration. 

[0025] If it is in the ink jet printer of this invention, after carrying out dividing of the output of vibrator, 

the period (frequency) is measured and the amount of ink is measured with high resolution. 

[0026] The ink jet printer concerning this invention is characterized by covering with the insulating film 

the near field where it adheres to the ink of said vibrator in the above-mentioned configuration. 

[0027] If it is in the ink jet printer of this invention, the field of the vibrator which adheres to ink is 

covered with the insulating film which uses parylene etc. as main ingredients, especially surface leakage 

nature is high, and since it excels in insulation, there is no fear of degradation in ink 

[0028] The ink jet printer concerning this invention is characterized by arranging said vibrator 

horizontally in the above-mentioned configuration. 

[0029] Since vibrator is horizontally arranged if it is in the ink jet printer of this invention although 
distribution of ink inclines caudad with a self-weight when a detection side is perpendicular, it becomes 
a uniform self-weight and an ink droplet becomes the uniform ink film. 
[0030] 

[Embodiment of the Invention] Hereafter, the gestalt of operation is mentioned and this invention is 
concretely explained based on a drawing. Drawing 1 and drawing 2 are the sectional view of the ink jet 
printer concerning the gestalt of operation of this invention, and a perspective view. 
[0031] As shown in drawing 1 , the ink jet printer 1 is equipped with the feed section 2, the separation 
section 3, the conveyance section 4, the printing section 5, the discharge section 6, the ink detector 18, 
and the control section 30. The feed section 2 has the medium tray 7 and the pickup roller (not shown), 
in case it prints, it achieves the function which supplies Sheet P, and in case it does not print, it 
achieves the function to keep Sheet P. 

[0032] It has the separation section 3, the ****** roller 8, and the decollator 9, and the function to 
send at a time one sheet P supplied from the feed section 2 to the conveyance section 4 is achieved. 
With the decollator 9, it is set up so that friction with a pad part (contact part with Sheet P) and Sheet 
P may become larger than friction between Sheets P and P, and with the feed roller 8, it is set up so 
that friction with the feed roller 8 and Sheet P may become larger than friction with a pad part (contact 
part with Sheet P), and Sheet P, and friction between Sheets P and P. Therefore, even when the sheets 
P and P of two sheets are supplied to the separation section 3, with the feed roller 8, it separates into 
one sheet at a time, and the upper sheet P can be sent to the conveyance section 4. 
[0033] The conveyance section 4 has a guide plate 1 0 and roller pair 1 1 , and achieves the function to 
convey the sheet P sent from the separation section 3 to the printing section 5. The printing section 5 
has a recording head 1 2, a platen 1 3, carriage 1 4, and the guide shaft 1 5, and achieves the function 
which prints to the sheet P conveyed from the conveyance section 4. A recording head 1 2 forms an 
image by blasting of the ink to Sheet P. A platen 13 functions as a base of Sheet P at the time of 
printing, and carriage 1 4 carries a recording head 1 2 and shows carriage 1 4 to the guide shaft 1 5 (refer 
to drawing 2 ). the roller pair of the conveyance section 4 — in case 1 1 conveys Sheet P between a 
recording head 12 and a platen 13, it adjusts conveyance of Sheet P so that the ink from a recording 
head 12 may be sprayed on the suitable location of Sheet P. 
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[0034] The discharge section 6 has the discharge roller 16, the discharge tray 17, and the ink dryer part 
(not shown), and achieves the function which discharges the sheet P with which printing was performed 
out of an ink jet printer 1 . 

[0035] The ink detector 18 is arranged at the end section outside an image field (left end section of 
drawing 2 ), the carriage 14 which carries a recording head 12 moves to the left end section on the 
occasion of measurement processing of the amount of ink, and the ink jet side and the ink detector 18 
of a recording head 12 counter. 

[0036] Drawing 3 and drawing 4 are the sectional views and plans showing the configuration of this ink 
detector 18. The ink detector 18 has the AT cut quartz resonator 23 (the include angle of a plate 
surface and the Z-axis is cut in 15 minutes 35 degrees) constituted by both sides of plate Xtal 21 by 
vapor-depositing the aluminum (aluminum) electrodes 22 and 22, and ink droplet A which blew off from 
the recording head 12 adheres to this quartz resonator 23. After the near aluminum electrode 22 to 
which ink droplet A adheres is formed of the vapor growth in a room temperature, it is covered with the 
parylene coat 24 which consists a front face of parylene (the poly PARAKI silylene) which performed 
hydrophilization processing with plasma ion. Moreover, the periphery edge of the top face of the 
parylene coat 24 is covered with the side face of the inferior surface of tongue of a quartz resonator 23, 
a quartz resonator 23, and the parylene coat 24, and the list by the resjn fluoride film 25 which consists 
of Teflon (trademark). 

[0037] Parylene is an ingredient with high hydrophilic property and insulation, and, on the other hand, 
Teflon is an ingredient with high water repellence. Therefore, although (a) and ink droplet A spread 
quickly on the parylene coat 24 when ink droplet A adheres as shown in drawing 5 , by the resin fluoride 
film 25 of (b) and its periphery edge, ink droplet A can dam up breadth and the ink film B is formed (c). 
Moreover, when making two or more ink droplet A adhere, since the amount of ink increases, breadth 
and the ink film of uniform thickness are obtained easily [ ink ] throughout the parylene coat 24. In this 
invention, in this way, since the insulating parylene coat 24 which performed hydrophilization processing 
for the front face with plasma ion is formed and it was made to make two or more ink droplets adhere, it 
is stabilized and the ink film which has uniform thickness can be formed. Consequently, the accuracy of 
measurement of the amount of ink by the QCM method mentioned later becomes high. 
[0038] Drawing 6 is drawing showing the configuration of a control section 30 and its circumference 
circuit. A control section 30 has the interface section 31, the image-processing section 32, memory 33, 
the drive-system control section 34, and the amount calculation section 35 of ink. The interface section 
31 exchanges the signal between external instruments, such as a computer, and the image-processing 
section 32, the drive-system control section 34 and the amount calculation section 35 of ink. The 
image-processing section 32 performs an image processing based on the image information inputted 
through the interface section 31. Memory 33 stores the processed image data. Moreover, the image- 
processing section 32 is connected to the head drive circuit 41 which controls the drive of a recording 
head 12. 

[0039] the carriage drive circuit 42 which controls actuation of the carriage motor 45 for the drive- 
system control section 34 to drive carriage 14, and the feed roller 8 and a roller pair — it connects with 
the form conveyance drive circuit 43 which controls actuation of the form conveyance motor 46 for 
driving members for form conveyance, such as 1 1 and the discharge roller 16, and migration of carriage 
14, conveyance of Form P, etc. are controlled. 

[0040] While controlling the oscillation of the quartz resonator 23 of the ink detector 18, the amount 
detection control circuit 44 of ink which detects the oscillation frequency of a quartz resonator 23 as a 
signal is connected to the amount calculation section 35 of ink. The amount calculation section 35 of ink 
computes the amount of the ink which blows off from a recording head 1 2 based on the variation of the 
oscillation frequency of the quartz resonator 23 according to the coating weight of ink detected in the 
amount detection control circuit 44 of ink. 

[0041] An example of the configuration of the amount detection control circuit 44 of ink is shown in 
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drawing 7 . The amount detection control circuit 44 of ink contains the CMOS inverter, and is a 
capacitor C1 and C2 to the both ends (both aluminum electrode 22) of a quartz resonator 23. Mind, an 
electrical potential difference is made to impress and the oscillation frequency from a quartz resonator 
23 is outputted as a signal. 

[0042] Printing actuation with the ink jet printer 1 of this invention which makes such a configuration is 
explained. From external instruments (not shown), such as a computer, the printing demand based on 
image information is inputted into an ink jet printer 1 through the interface section 31. Reception of a 
printing demand supplies the sheet P on a medium tray 7 to the separation section 3 from the feed 
section 2 with a pickup roller. With the feed roller 8, the supplied sheet P passes the separation section 
3, and is sent to the conveyance section 4. then, a roller pair — Sheet P is conveyed by 1 1 between a 
recording head 12 and a platen 13. 

[0043] And corresponding to image information, ink is sprayed on the sheet P on a platen 13 from the 
nozzle of a recording head 12. Under the present circumstances, Sheet P stops on a platen 13. While ink 
is sprayed, carriage 14 is guided at the guide shaft 15, covers a main scanning direction D2 (refer to 
drawing 2 ), and is scanned by one line. As for Sheet P, termination of printing for one line moves only 
the width of face for one line in the direction D1 (refer to drawing 2 ) of vertical scanning on a platen 1 3. 
In the printing section 5, printing to the whole surface of Sheet P is made by repeating such processing. 
And the sheet P which printing completed is discharged by the discharge tray 1 7 as printed matter with 
the discharge roller 1 6 through an ink dryer part. 

[0044] Next, the actuation which measures the amount of the ink which is the description part of this 
invention is explained. First, before making ink blow off from a recording head 12, beforehand, the quartz 
resonator 23 of the ink detector 1 8 is oscillated in the amount detection control circuit 44 of ink, the 
oscillation frequency is detected, and it considers as initial value. Then, only the count of predetermined 
makes an ink droplet blow off from a recording head 12 to the ink detector 18, and the oscillation 
frequency of a quartz resonator 23 is detected. In the amount calculation section 35 of ink, the variation 
of an oscillation frequency according to the difference of this detection value and said initial value, i.e., 
the coating weight of ink, is calculated, and the amount of jet of actual ink is computed from the 
calculated variation. 

[0045] When an ink droplet adheres to a quartz resonator 23 explains how many oscillation frequencies 
(resonance frequency) from a quartz resonator 23 change, and the numerical example of the coating 
weight of the ink to a quartz resonator 23, and the variation of the oscillation frequency in a quartz 
resonator 23 that is,. 

[0046] For example, it sets to the ink jet printer 1 of 600DPI (dot pitch 42.3 [mum]), and they are one 
drop of ink of 16 [pL:pico liter], or four drops of ink of each 4 [pL] 2 (42.3x10-4 [cm]) When it is made to 
adhere to the quartz resonator 23 which has area, thickness [ of the ink film generated ] t [cm] 
becomes like following (4). 

t= 16x10-9 [cm3] / (42.3x10-4 [cm]) 2 = 8.94x10-4 [cm] — (4) 

[0047] When setting the consistency of ink to 1 [g/cm3], and mass detection sensitivity is 4.4 [ng/cm2 
Hz] and it prints throughout sheet P, a quartz resonator 23 adheres to the ink of per 8.94x10-4 1[cm2] 
[g]. Therefore, change deltaFO of an oscillation frequency It becomes like following (5). 



[0048] for example, 1.3[cm]x0.2[cm]= — the electrode which has the area of 0.26 [cm2] — setting — 
ink 1 — [ — change deltaFO of the oscillation frequency of per pL] the following — it becomes as 
shown in (6). 

deltaFO = {1x10-9 [g]/0.26 [cm2]} / 4.4x10-9 [g/cm2 Hz] 
= 0.874 [Hz] — (6) 
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[0049] therefore — 100 drops of ink whose one drop is 4 [pL] — change deltaF of an oscillation 
frequency — 0 = 350 (= 0.874x4x100) [Hz] — becoming — deltaFO / F — change of 0 =350[Hz] / 
10[MHz] =35[ppm] will be caused. 

[0050] Thus, compared with impact sensors, such as conventional optical, piezo-electric formula, 
electrostatic formula, etc. which he is trying to measure the mass of the ink which blew off based on 
change of the oscillation frequency of a quartz resonator in this invention, and measures the pressure of 
an ink droplet, it is possible to measure the amount of ink with high sensitivity and high degree of 
accuracy. 

[0051] Drawing 8 shows other examples of the configuration of the amount detection control circuit 44 
of ink. The amount detection control circuit 44 of ink has two oscillator circuits 51 and 52 for oscillating 
two quartz resonators 23 and 23, respectively, the counting-down circuit 53 constituted by putting 20 
steps of 1/2 counting-down circuits in a row, and the counting circuit 54 which carries out counting of 
the frequency. When the oscillation frequency of a quartz resonator 23 is 10 [MHz], the output after 
dividing in a counting-down circuit 53 is set to 9.5 [Hz] (= 10 [MHz]/220). 

[0052] If the time amount conversion of 9.5 [Hz] are carried out, it will be set to 104.85 [ms] and ink 
[ whose one drop is 4 [pL] / 100 drops of] time amount change deltaT will become like following (7). 
Therefore, even if it uses the clock signal of 10 [MHz], the mass of ink can be measured with sufficient 
resolution. 

deltaT=1 04.85[ms]x35[ppm] 
= 3.67 [mus] — (7) 

[0053] Moreover, in this invention, the overtone quartz resonator in which an overtone oscillation is 
possible can be used as a quartz resonator 23. The example of a configuration of the amount detection 
control circuit 44 of ink in such a case is shown in drawing 9 and drawing 10 . The example of drawing 9 
is an overtone circuit using LC tank circuit which combined the coil and the capacitor, and the example 
of drawing 10 is the overtone circuit constituted only from resistance and a capacitor. 
[0054] When an ink droplet adheres to such an overtone quartz resonator explains how many oscillation 
frequencies (resonance frequency) from an overtone quartz resonator change, and the numerical 
example of the coating weight of the ink to an overtone quartz resonator, and the variation of the 
oscillation frequency in an overtone quartz resonator that is,. 

[0055] For example, it is the 3 times as many overtone oscillation 30 [MHz] as this, and when mass 
detection sensitivity is 0.49 [ng/cm2 Hz], the change deltaFO of the oscillation frequency of per ink 
1[pL] becomes like following (8). 

deltaFO = (1x10-9 [g]/0.26 [cm2]} / 0.49x10-9 [g/cm2 Hz] 
= 7.85 [Hz] — (8) 

[0056] therefore — 100 drops of ink whose one drop is 4 [pL] — change deltaF of an oscillation 
frequency — 0 = 3.14 (= 7.85x4x100) [kHz] — becoming — deltaFO / F — change of 0 =3.14[kHz] / 
30[MHz] =104.67[ppm] will be caused. 

[0057] Thus, in the example of a configuration using an overtone quartz resonator, while several times 
as many detection sensitivity as this is obtained compared with the case of a basic oscillation, the 
mechanical strength of a quartz resonator improves. 
[0058] 

[Effect of the Invention] it explained in full detail above — as — this invention — QCM — the 
conventional impact sensors, such as optical, a piezo-electric formula, an electrostatic formula, etc. 
which measures the pressure of an ink droplet since law is used, change of the resonance frequency of 
the vibrator produced when ink adheres to vibrator is detected and the amount of jet of ink was 
measured based on the detection result, — comparing — high sensitivity — and the amount of ink can 
be measured with high precision. Moreover, it can also perform detecting a defect nozzle with a 
sufficient precision from the measurement result of the amount of ink. 

10059] In this invention, since it was made to make two or more drops of ink adhere, while the ink 
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droplet on vibrator is large and change, i.e., an ink droplet, is expanded, the uniform ink film can be 
formed, and highly precise measurement can be performed. 

[0060] In this invention, since it considered as the oscillation with fundamental frequency (primary 
oscillation mode), stability and the oscillation condition of high reliance can be acquired, and the 
accuracy of measurement of the amount of ink can be improved. 

[0061] In this invention, since it was made to vibrate vibrator by overtone oscillation, while several times 
as many detection sensitivity as this is obtained compared with a basic oscillation, the mechanical 
strength of vibrator can be improved. 

[0062] In this invention, since the period (frequency) was measured after carrying out dividing of the 
output of vibrator, measurement with high resolution is attained. 

[0063] In this invention, since the field of the vibrator which adheres to ink was covered by insulating 
film, such as parylene which performed hydrophilization processing if needed, especially leakage nature 
is high, and is excellent in insulation, and degradation in ink can be prevented. 

[0064] In this invention, since vibrator was arranged horizontally, it can become a uniform self-weight, 
the uniform ink film can be formed, and the accuracy of measurement can be improved. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of the ink jet printer of this invention. 
[Drawing 2] It is the perspective view of the ink jet printer of this invention. 
[Drawing 3] It is the sectional view showing the configuration of an ink detector. 
[Drawing 4] It is the plan showing the configuration of an ink detector. 
[Drawing 5] It is drawing showing the adhesion condition of an ink droplet. 

[Drawing 6] It is drawing showing the configuration of a control section and its circumference circuit. 
[Drawing 7] It is drawing showing an example of the configuration of the amount detection control circuit 
of ink. 

[Drawing 8] It is drawing showing other examples of the configuration of the amount detection control 
circuit of ink. 

[Drawing 9] It is drawing showing the example of further others of the configuration of the amount 
detection control circuit of ink. 

[Drawing 10] It is drawing showing the example of further others of the configuration of the amount 

detection control circuit of ink. 

[Description of Notations] 

1 Ink Jet Printer 

5 Printing Section 

12 Recording Head 
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1 8 Ink Detector 

23 Quartz Resonator 

24 Parylene Coat 

35 The Amount Calculation Section of Ink 

44 The Amount Detection Control Circuit of Ink 

51 52 Oscillator circuit 

53 Counting-down Circuit 

54 Counting Circuit 
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Ltcm^zmtmrn^ \zql b z>&Mm&&<Dgiit 

vx y h~f*) 

[W#5i4] «frtefii!)^<DSi!i«, *-A*-h->fg 

Kffi«CCK >:7>>x>;/ h^'J>^o 

zftm^&zffizz z. ftmtrzm&m i ~ 4 <z>ra 

[»*5I7] «[52g»l^*¥(Ci2B^nT^^Ci 

^#asi-r^.B»*3B 1 ~ 6 <Dmnfr\zmm.<D-( >^x 
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[0005] *mw\mfr%&m\z&&xtt.2nizh<D 
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Zi'SiiLT. 0 [A] TsS»®«£ 

8. 0 4 (mm2 ] tUci^. ^0|g[119. 3 

(g/cm3 ] ftttSnfc&Oftft (A 

m) IJ7 8 0 ngtW. ^&&<D^t;te. £ 
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[0 0 16] **WK:«-5'r>i'S?xs/ hy'J>^«, 

^ICfct^T, MSB'S-;/ Kj&»&*ttiLfc-f >?#tfj»$«n 
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^7x-7.?«3 1 zftVTAtiznzwmmmzm^ 

^^-f^.. ifc, B^MSgB3 2«, lefi^y h 1 2 
©I»S(l»TS^y b*IBf&[5]8g4 1 K»«3ntlr> 

[0 0 3 9] mmmmm® 3 4 u yi>u ^® 

»-r^fe©©+-V U yi?^-* 4 5©ftfP^$iIW-r-5=lF 
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... ( 4) 
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©<t&©0!i£*-r. -i y>?w$i&wmm'i&4 4\*. 20© 

*ASM?2 3. 2 3 &$L*%M2ltZ>tztb<D2-D<D?£ 
fi@R5 1. 52t. l/2#Jfgg£2 0lS:»*aT«lfi£ 

sn*»w5 3t. H«»stt»r*ii*[ai&5 4i 

**tTl>5. zKaSft-T- 2 3 1 0 CM 

Hz] »«iB5 3TO»«a©tB*»4 9. 

5 [Hz] (=10 (MHz) /220) ttt&. 

[0052] 9. 5 chz) &mmmw?z>t, io 

4. 8 5 Cms] lffi&4 (pL) 

* 1 0 OjSITO^fMXftATtt. Tf3 (7) ©Jr^tCft 

5. «tt5T, 10 (MHz) O^ny^itSfflUT 

Cms) X 3 5 [p pm) 

••• (7) * 
AFo = { 1 X 1 0"9 (g) /O20 
0. 4 9X10-5 
= 7. 8 5 (Hz) 
1W!&«4 (pL) T»a'f>^l 
OOlT'H 5B»Hift»©SMfcAFo =3. 14 (= 
7. 8 5X4X 1 0 0) (kHz) tftD, AFo /F 
0=3. 14 (kHz) /30 (MHz) =10 4. 6 
7 (ppm) ©g^kSre^f 

[0 0 5 7] ICDi^l:, A*- I — >*Hffi*J^£ 
fflHfc«fifc«T?tt. S*5!S©«^<hJt^T, ficf&©& 

[0 0 5 8] 

[««©$&*] E(±ffafib^J:^lC. aMSWett, QC 
SKSo'^T'f >^©«ai»£«£T£J:of;:Lfc© 

[0 0 5 9] *5MBTtt, >*fcft»Stt* 

=k^{cLfc©-e, «b?±«)'r >?iiftt**<xfc fin 

[0 0 6 0] *^bjt'«, S^/iteS: ( 1 
K) -e©5MB£Ufc<DT, *^^0JSffi«©f8ig«l8* 
»«Il&afC*T, -f >i7«©S!l^^a^lS]±T#-5. 

[0 0 6 1] *S§WT'«> *-A-h->JMglc*DS 



/0 

* [0 0 5 3] Sit, #389|-ett. *ASHi?2 3£L 

StttiJffl?PlslK4 4©«tfifc0!l£0 9, BlOtft. .0 
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[0 0 5 4] ^©ip^-A'-l — >#ft«»HFK:-f 

-r > * ©#«a t a*- h - >*fijgi&^ -e©3B«» 

[0 0 5 5] flIAtf, 3fg©:*— A*-h->fgfi3 0 
(MHz) TftoT, KBtttUME^tO. 4 9 (ng/ 
cm2 Hz) T**«£, -T>£ 1 (pL) &*:<3©fg 
fi«ft»©*^AFo ) tt. TIB (8) OiSlCfti. 



2 6 (cm2 ) } / 
(g/cm2 Hz) 
• (8) 

[0 0 6 2] g»^©tb**i)-«Ufc«lC 
[0 0 6 3] #3g91T«. <f>9ifi{tm2tl&mWl¥<D 

5, 

[0 0 6 4] *5SflT?tt, ffi»^^*¥»CE»-r^«tP 
[BjB©ffi¥&K9J] 

[01] *^©-f>i/yi7 hyu>^»Wti& 
-5. 

[0 2] #fgW©-r >*5>xy h7'J>*©&«0T$. 

[0 3] -f >^&a33§©18liSc£^T(8rS0T;&5. 
[04] -f >*fcffi»©*jfc**-r±i5HT**. 
[05] -f >?fig©tt*tKSg£^T0T££„ 
[0 6] MW«£-f'©«ffl@»£©fl|j*fcjrrBT* 
5. 

[07] -r >t7m&mmw®&<Dmf$.<D-m$:7K?m-z 
[0 8] -f >^s«m«apni8S©«ii«©«i©0ijs*-r0 
[09] -r >i7ft^m$>jffliiHiK©^fi£©^icffi©^j^^ 
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